Incremental Algorithms for Finding the Convex Hulls of Circles and the Lower Envelopes of Parabolas by Devillers, Olivier & Golin, Mordecai
HAL Id: inria-00413163
https://hal.inria.fr/inria-00413163
Submitted on 3 Sep 2009
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Incremental Algorithms for Finding the Convex Hulls of
Circles and the Lower Envelopes of Parabolas
Olivier Devillers, Mordecai Golin
To cite this version:
Olivier Devillers, Mordecai Golin. Incremental Algorithms for Finding the Convex Hulls of Circles and












¦¬>°³ ¨ °³¥·¤'X¯ª#¸¥¦¹ ¨ O±²¥¦'º»¦¬´ºe¤ ¨ ¤'¼¦'¥¤'½¬­¦¥¥¦¹¾ª#¯O©§±}¯#¿V¤e¯[¿V°¦'eÀ}µX ¨ ºe¤ ¨ ¤*¯['«Á»X´¯[©Â7°³µ#¥©\ÃÄ¹>©ª¯[±²¥¦*º[Xe° ¨ «J}Å¤¥a¤¥*¦ ¨ ©ªX«7>¬­¦ ¨ ªXÆ
º ¨ ¦*¼[§¥«7<<ªe¤Jª#O ¨ ¦O¯[µe°³¦'I¦'¬C¤)X¹°³ ¨ °³¥´¦ ¨ºX¤ ¨ ¤'¼¦¥¤<°¤'°¤'µXÆ·Ça£\ ¨ µe°³ªµ ¨ ¤¥f°ªe¤'#*È[¥¤*¯O§Xª¦wÇaÉz£9ª¦Å¤¥>\ ¨ µX°³ªµ ¨ ¤z¥>°ªe¤X*h¯[µ ¨ Xª#
¨ µ#X##:¦'¬ª#9¤z¥*¦ ¨ ©ª#«ÁËÊ\ª[#¦'ª¹Ì#¤«<#ª#s'¦*«J³ ¨ ÃÍ¦¬
ªXÆ´º ¨ ¦'¼#¥«7¤'X¯IÆX¦¹Lªe¤È©¬ªX°³ ¨ °³¥<¦ ¨ ºe¤ ¨ ¤'¼¦'¥¤'J¤ ¨  ®e¨ \JÆ¦ ¨ ª¯Ä¼OÃ+¤'º[§º ¨ ¦*º ¨ ¤zª
ºe¤ ¨ ¤«Jª ¨ ¼¬¶¦ ¨ ·°¦'e\ ¨ µe°Å#hª#C°¦*[§±²³:Oµ#¥©¥}¦ ¨ ¥¦z¹8 ¨ O±²³¥¦'ºX° ¨ «J}Å¤¥©¥©Ã}ÈªX
¤*°ª#¹Î¤*¯#¯[©¦*s«7¤Ãw°¤µeÆJ¤z:«J¦²\
Ï$°ªe¤X*9)¤
¤«J¦ ¨ Ð¯CÆXÆ*ÁoXÆ8¦*¼XÆ ¨ ±'¤¦*Xp¤ ¨ ªXCµeÆ¯ª¦s¯#±²¥¦*º<: ¡*¢p£:e° ¨ «JOÅ¤z¥Ì¤¥'¦ ¨ ©ªX«7h¬¶¦ ¨ª#Æ
º ¨ ¦'¼#¥«7Á
Ñ ÃO¹¦ ¨ ¯#ÒhÓ¥*¦ ¨ ª#«7ÈoÔ8¦'«JºXµ#Å¤z¦*e¤z¥8'¦*«J³§ ¨ Ã}ÈËÔ8¦*O±²)Õµ[¥¥ÈÔ ¨ °³¥ÈÖo¤ ¨ ¤'¼¦'¥¤'È8×f¦z¹8 ¨·Ø [§±²³¥¦'ºÁ
ÙÚÜÛ8ÝoÚÞ9ßpà8á âãá äå*ßæeçÜèéäèzêë'ìí*î²ï©ðçÞ8ñzòVïóí[ìôóïóõCöª÷ªø²÷ù#ßæ²úVðñ²öª÷á âãðúÜò\ï©ðôóô û¾õ\ü²í²íOìúÜò\÷ªøþýû ÿaë*âaÝoÚ  àËðõVïóö Ýo÷ªõ\÷ÅðúSöÆî,Þ8öòVïóìñ,úÅá 	




| g%m(}s#h~%l_d+gmgc#uo+mJmJcAdk{}k{}%lAo+g%dfwh oGuAc#hdoy#udg%cdfmuAcAlmaf.y}%}hG  ugou(}CmJhGklc#s
dfm}%prmJomcAlm}CAiwmJhr  k{g%h+iwklok{}%}Cm}i#kokvw}%kh(
 g%cwumldfmomklomrk{}omkls | Aid+gk{}k{}%lAo+g%df#h  odfmJh+mi#ov}%mhdfmk{gcUgcAd+momhdW  dfghGi#klinmo
o+mJh+gsmhOgcdf#mf#gCAf;hg%i}%g%u(gCd |   dfmiwo+AiwAh+mJsk{}%log%df#hudy#k{}%} | 	c#u(mdf#m_gc#i#ydWs#k{dkf#k	lmvwmmch+Ao+dmsg%ckAsosmodfmkl}CogCdf#hWko+m
g%c#uo+mJmcAdkl}kc#s iwmJo  Ao¡c} | ~}Cklog%df.¢gu£inmok{dgCAc#hc9kv#k{}klc#u(ms<vgc#klo | dom(m
¤fm5ucAm¥f.y}%};  hm(d¦  ugou}%mh¨§ª©
«	¬­	® ¬r¯l®(°°(°(® ¬±² gh_dfmhkl}C}%mhdru(cAlm(om(gCAc





oUk9dokc#h  Aokld+g%cqg%cAd+qk½{ÀÁucAmqf.y}%}_ 
iwg%cAdh¼ Â	¾
Ã g%lmJc»k;hm(d  kghLi#kokl}C}%m(}_iwkloklvnl}klh§Ä©
«Å ­ Æ ®(°°(°J®NÅ ± NÆ ²®_ÅnÇ Æ¿¨©ÉÈ Ç Æ ¯ÊÄË Ç Æ ÊÍÌ Ç®
gCdhz}%prmJo»mJcm(}%inm>ghÎdfm  ywc#udgCAcÐÏÆ¿5©
ÑÒÓ ÇÔ ± ÅwÇ Æ¿ ° ¤fm}%prmJo_mJcAlm(}%inmghuAiwAh+mJs  klou(h  dfmi#kloklvnl}klhµ  mma¶g%y#omÂ¹¸³bLdgh
  gcAd+momhdYvnmukly#hmgCdsmhu(ogvwmJhYdfmm(l}%y#d+g%c 
dfmu}%hmhdLi#k{gorg%c<khm(d  iwg%cAdh.gcpg%df
ucwh+dklcAdhinm(mJsÕ¼C·¾ÖØ×rc#hdoy#udg%c#>dfmÎ}Cpmo






dfmucAm³f.y}%}¿  u(g%ou}%mhpy#}%s<gc#u(ommcAdk{}%} |uAc#h+doywuddfmtu(cAlm(Hf.y}%}  dfm hm(dh¨§ Ç ©




pfg%}CmuAc#hdoy#udg%ck{}%}   dfmgcdmomsgk{dm£u(c.¢
lm(³f.y}C}hklcws³dfmomk | vwmN ¯   df#mhml
Oh;kc¦m(#kli}%m»ucwh+gsmo9dfm  }C}%pg%c#>h+md
   u(g%ou}%mhHµ¶g%y#ome½A¸ ¤fm  ohdÎ ugo¢
u}%mh ¬­®(°(°°(® ¬r± ® klominlgcAdhµÖsm(mcmJokld+mugou}%mh¸
mx.y#kl}C} | hiwklumJskloywc#sdfmu(g%ou(yw  mJo+mJc#um  ky#cg%d³u(g%ou}%mqu(mcAd+mJo+mJs k{d´dfmqAo+g%lgctml w% ¬ Ç © ÒÓ ¯ Ç± ®   ¯ Ç± ° ×rgou(}Cm ¬ ±¿­ gh<umcAdmoms>klddfm¦ogCg%c pg%df¥oksgy#h+y#hdzmJcy#fÕhk{}%}CmJo
df#kc ·;h»df#kld ¬ L§ ±¿­ gh^u(iwAh+mJst  
klou(h<c ¬±¿­ pg%dfHdklcmcAd9}CgcmhÙu(c#c#mudg%c#
dfmJ d+;dfm^>inlgcAdh;¤fm<o+mJklg%c#g%cu(g%ou}%mh
¬±¿­{®(°(°°®¬¯±S® ko+m´c#mhd+mszh+Ùdf#k{d ¬r± Ç ghagc.¢
h+gsm ¬ ± Ç ¿­ kc#s^kl}C}  dfm(gooksg%gko+m}%mhhdf#kc
·l ml w ¬± Ç f#khOoklsgy#h! ­¯"$#% °'& kluf  dfm
uAcm³f.y}%}h ¬ L§ ± Ç _ghuAinhms9  ºkouh
c ¬r± Ç pgCdfadklcmcAdW}Cgcmhu(c#cmJudg%c£df#med
dfm  oh+dU>inlgcAdh;¤fm<cAywavnmoU  h+doywudywokl}
uf#klc#lmhmJc#uAy#cAd+moms^g%c<lgc  o ¬ § ± Ç 




mJcAdk{}Su(c#hdoy#udgCAc^  dfm  c#k{}u(cAlm(^f.y}C}Sgh
 ¯  °
 ggC}klo} | #klc³gc#u(ommcAdk{}Sk{}%lAo+g%df#  ouAc.¢h+doy#u(d+gc dfmÁ}Cpmo5mcAm(}%inm¥  i#kloklvnl}klh
prAy}%s uk{}u(y}k{dmÄk{}%};  dfmÍ}%pmo mJcm(}%inmh
Ï Ç Æ¿e© ÑÒ%Ó*) ÔÇ Å ) Æ¿ ° Ak{gc gCdÎg%hÎiwAhhg%v#}Cmd+  cws m#kli}%mh^pfmomdfm;dldkl}£c.y#vwmJo´ 
uf#klcmhd+dfm}CpmomJcm(}%inmg%h!N ¯  °
bc9dfg%h£cd+mUpmasmJhuo+gvwm~%ld+gm,+
-/.
02135463 -'78	¿k{}%lAo+g%dfwh  ou(kl}%uy}k{d+gcqdfmÙuAc.¢lmÐf.y}%}Ù  ugou}%mh klc#s¥df#mH}%pmotmcAlm}CAiwm
  i#kloklvnl}klh ¤f#mzv#klhguºg%s#mk gcevwdfÍkl}C{¢
o+g%df#hGghGdahf#pzdfwk{d(Ag  dfmu(g%ou}%mh:9i#kokvw}%kh
















mod+g%mh  dfm´uAcAlmjfAy#}C}h  ugou(}CmJh(¿m(d§H©
«	¬ ­ ® ¬ ¯ ®°(°(°(®¬ ± ² vnmkau(l}%}CmJud+g%c´  ;u(g%ou}%mhrgc
dfmji}klcmÄb  ¬ gh³kÎugou(}Cm;prmjy#h+m ¬ d+tsm¢
cldm9dfmÙAiwmJcts#g%hu<gCd[mJc#u}%hmh  g%g%}%ko+} | pmy#hm ¬ §rYd+UsmJcldmdfmvnywc#s#klo |   dfmu(c.¢
lm(;fAy#}C}  §>kc#s ¬ L§rd+Ùsmc#ld+mdf#mAiwmJc
o+mlg%cjg%damcwu}%hmh<¶gc#k{}%} | prm³smcd+m´dfm³ok¢sgy#h  ugou(}Cm ¬ v |  ¬  °¤f#mu(cAlm(Ùf.y}%}G  § gh£k<u}C}%mu(d+g%c;  kouh
c;dfm[ugou}%mhO  §>klc#s;dklc#lmcAd£}CgcmJh£vnm(dLpm(mJc
dfmÙkouh(mJklufÎugouy}%kokou<vnm(gc  }C}%pmszv |k^dklcmcAd}%gcmlUOc | Acmu(g%ou}%mu(klc;ucAdo+gv#ydmklc | ugouy}%koUklou(had+ ¬ §rµ¶g%y#om;·¸v#ydgCd^g%h[dfmk{}  dfgh´h+mJudgCAcÎd»hf#p¥df#k{d[g 
¬ g%hku(g%ou}%mpgCdf9hk{}%}%mhdoksg%ywhg%c;§zdf#mc ¬
uAcdo+gv#ydmhUkldahdcm³klou{³¤Y;kufgCmlmdf#g%h
lAk{}wpmOs#mhu(og%vnmOkcm(p ufwklokludmog <Jk{dgCAc  dfm
klou(hrdf#kldki#inmkloAc ¬ L§r ° ¤fgho+mJxAy#g%omhrdfm
g%cAdo+s#y#u(d+g%c   dLpzcmp sm  c#gCdgCAc#h^df#k{d<klom
gC}%}y#h+dokld+mJs^gc<¶Wg%ywo+m>w
! !"#%$'& 3 7 ¬£®G¬)(+* 3 7-,/. 0 + 10 	 310 +
-732 3
4 	  - 3657 2 3 hf#ksp 0  0 7. - ¬8*9a¬)( + 0




¶g%y#om >' GÀOm  cg%d+g%c< _ f#ksp ¬£® ¬)(  °
+ 5
35ON 7F2 3P053 7Q.SR	
	 Å%T ¬ 01U/0 2732* 7 Å 0  - * 3
023 3 -PR 1 . 4 ¬)(Ö°V . 1 -W. 78 7+F. -  	 0 . -YX 3 -/+ 3 - 0 3 , 3
023 7  f#klsp ¬£®¬ ©[Z °
\ 6!"#'] V . 1 ¬^T § 732 3 ×r}%mko 4  1 7_.BR ¬+ 0 732 3`023 0 7+F. -a.BR ¬ 732* 7cbd. 310 -W. 7  4d4 3  1 +
- 732 3
0 2(dbH.e,[.SR 0 . 463 . 7F2 3210 + 10 	 3 +
-<§gf
×r}%mko ¬ © ¬;h^i
< =!jk
 f#ksp ¬£® ¬ ( 
 fwklsp ¬£® ¬)( ¿g%h_klcklouc ¬ h×r}%mklo( ¬ ¿gh
k<u(l}%}CmJudgCAc  sgh g%cAdklou(hkl}CAc ¬£° @>f#k{dgh
o+mJkoml	kv}Cm£ghdf#kld£×r}%mklo( ¬ _ghm(kud} | dfmahm(d  kouh  ¬ df#k{dki#iwmJkloc ¬ L§r °
noqpgpgrs$
×r}%mko ¬ © ¬ L§r :<¬£°
t)u6""Yvxw ¿m(d ÅyT ¬£° ¶g%oh+d hy#i#inhm5df#k{d
Å{zT ×r}%mko ¬  ° ¤fmJcHdfmJo+m¨ghh+Am ¬)(sT §
hy#uf»df#kld Å[T  fwklsp ¬£® ¬)(  ° ¤fmJo+m  om Å|T
¬  «¬£®¬ ( ²  ® h Å}zT9¬ L§rkc#s ¬ L§r :¬~
×r}CmJklo ¬  °
Opjhy#i#inhmGdf#kld Å}zTÙ¬ §r ° Àok	pjdf#m}Cgcm
 df#oyAf Å dklc#lmcAdd+ ¬ µN¶gCAy#o+mBA¸ mJu(ky#h+m
Å ghcdGcdf#muAcmaf.y}%}#df#momay#hdvwmOh+Am
ugou(}Cm ¬)( kc#s' TÕ¬)( hy#uf dfwk{d»g%h³c dfm
ldf#mohg%sm    o ¬£° Àok	p¦dfm}%gcmahm(mJcd
 o+Ad Å b  dfmOhm(AmcAd_u(y#dh ¬)( kldrkcldfmo
iwg%cAd ()T ¬)( omi}klu(mv |  (N° ¤f#mc»dfm9}Cgcmh+mmcAdau(c#cmJudg%c Å kc#sºµNoQ ( ¸Us.mhcld
g%cAd+mJohmu(d m(g%dfmJo ¬ o ¬)( m#umJid¿k{dSg%dh¿mc#swiwg%cAdh








¶g%y#om B( ¤fmuklhm Å}zTÙ¬ L§r
Å T  fwklsp ¬£® ¬ ( aklc#s ÅzT ×r}%mko ¬  ° ¤f.y#h
×r}CmJklo( ¬  ~ ¬ § :³¬£° 
bcHmcmJokl}N×r}CmJklo ¬ ³u(kc¦vnm¨dfm»ywcgCAcH 
klc | klou(hv#ydrg  ¬ ghdfmÙhkl}C}%mhd[ugou(}Cm<gc§ ® dfmc×r}%mklo( ¬ pg%}C}Yvwmm(kud} | Acmklou{
noqpgpgr ][& 3 7 ¬ * 3  0 + 10 	 3`01U/0 26732* 7   ¬  
  ¬)( oR. 1  	
	 ¬)(T § ° 7 2 3 -q×r}%mklo( ¬  + 063 +
732 351
324 4 7 9 . 10 . - 0 + 0 7 0 .BR 3  0 7 	 9 . - 3  105
t)u " "Yvxw  y#i#inhm   ¬     ¬)(  ° ¤fmJc f#ksp ¬£®¬)( _u(lmoh_kld}CmJklhdf#kl}  dfmu(g%ou(y#¢
 momc#u(m  ¬£° µ  mm¶g%y#omC>w¹¸º¤fmJo+m  omlSmkuf
  df#m klou(h  fwklsp ¬£® ¬)(  ®¬)( T § h«	¬²A®
umoh<kldÙ}CmJklhdf#k{}  dfm»u(g%ou(y#  mJo+mJc#umº  ¬£°
¤fghUmklcwhdf#kldmkufqi#klg%oU  hy#ufjklou(hgcAd+mJo¢
h+mJudh_klcwsdfm(go_ywcgCAcg%h_m#klu(d+} | Acmklou{¤f.y#h(×r}CmJklo( ¬  ® dfmg%o^ui}%mmJcdg%h[mgCdfmo^mid |ou(c#hg%hdh  Acmklou{ 
 "Yu "	!r u
%& 3 7 ¬ * 3  0 + 10 	 3 01U/0 2 732* 7
  ¬     ¬)( WR. 1  	
	 ¬)( T § ° 7 2 3 - ¬P:O¬ L§r ®7F2 34  1 7o.SR 7F2 3 0 . - X 3 2 U 	
	/	 9 +
-. - ¬£® + 0 3 +
732 351
324 4 7 9 . 10 . - 0 + 0 7 0 .BR 3  0 7 	 9 . - 3  105
t)u " "Yvxw¶nl}%}Cphsgomud} |  o+A dfmi#om(.g%y#hYdLp}CmJkh( 
 y#i#inhmcpÎdf#k{d_dfmu(g%ou}%mhGgc´§qklomhod+mJs
v | smJu(omklhgc£okls#g%y#hpg%dfdgCmJhvnm(gcUv#oHl{mJcko¢vg%doklogC} |     ¬­    ¬¯    ¬r±  ° ¿m(d§ Ç © «	¬­	®°(°°®¬ Ç ² vnmdfmh+mdO  dfm  oh+d  ugo¢
u}%mh @>f#kldYuf#kclmJhu(kcu(u(ywoSpfg%}Cmrllgc  o
¬ § Ç d ¬ § Ç ¿­ 
b  ¬ Ç ¿­ ~ ¬ § Ç Hdfmc dfmJo+mÁklomÐc
uf#klcmhOdf#mopg%hmlY×rAo+}C}klo | ½³d+m}C}hy#hdf#k{d¬ Ç ¿­ uAcdo+gv#ydmh_m#klu(d+} | Acmkloud ¬ L§ Ç Y­ k{}%cºpg%df dfmdLp»dkclmJcAd´}CgcmJh^uAg%cz
dfmmJc#s#h_df#kld  klou{W¤fmhmdklcmcAdG}CgcmJh_aywh+d
d+ywufqhm[klou(h ­®  ¯ df#k{dpmomi#o+m.gCAy#h+} |c ¬ L§ Ç  ° ¤fmJo+mklomadLp³uklhmhU¤fm  ohdOgh
df#kld  ­z© ¯{° Oc | klou(hkli#inmko+gcvwmdLprmmc ­klc#s! ¯ pgC}%}nvnmsm}Cmd+mJs  o+AÄdfmuAcAlmf.y}C}klh
dfm | pgC}%}vnm[g%cqdfm[hf#kls#pÍ  ¬ Ç ¿­{° ¤fghu(klcc} | smJu(omklhmdfm^c.y#vwmJo  klou(hAc;dfm^uAc.¢lmfAy#}C}ÖG}h+n{dfmOkli#i#oiwo+gk{dmrmJc#s#hG   ­ klc#s
 ¯ klom_gcadfmhf#kspº  ¬Ç ¿­ khYpm(}%}#"{dfghGs.¢
g  mJhdfm(go_sm  cg%d+g%c#hrv#yds.mh_c#ld_gc#uo+mJklhmdfm
cAywavnmo  klou(hAc^dfmUf.y}C}Ö
¤fm´hmu(c#sju(kh+m[ghdf#k{d$ ­ ©% ¯° Ocm[ 
dfm9ldfmokouhAczdfmÙuAcmzf.y}%}pgC}%}vnm9k  ¢
 mudmsv | dfmg%cwh+mJo+dgCAc  ¬ Ç ¿­ v#y#ddfmhf#ksp  ¬Ç Y­ u(lmoh[dfmqgs#s}%mq   ­ hi}%gCdd+gctgCd
g%cAd+[gcAd+[dLp´klou(hr¤fghgc#u(omkh+mJhdfmcAywavnmo
  kouhc<dfmUf.y}%}v | Â#
Os#sgcjkou ¬ Ç ¿­ uklcºdfmom  Ao+m<k{dAh+dgc.¢
u(omklhm9dfmqcAywavnmo´  klou(h[AcÎdfmqf.y}%}Ov | '&cm  odfmcm(pHugou(}Cmklc#s³c#m  Aohi}%g%d+d+gc[klc
l}s>klou{ ¤fg%h | g%m(}s#h | m(d<klcdfmJo³i#o.  df#k{ddfmc.y#vwmJo´  klou(hActdfm;u(cAlm(Îf.y}%}gh´k{d
Ah+d  C µÖ¤fmOy#hy#kl}i#o.  ydgC}%g <mhrdfmOd+mJuf.¢
cg%x.ymJh^  À£k	mc#inod  ufgc(<m(}hmx.ymJc#umJh ¸5bLd
k{}h+[i#olmJhrdf#k{ddfmUdldkl}¿c.y#avnmo  cm(p klou(h
df#kldmgh+ds#ywo+gc>dfm»gc#u(ommcAdk{}ai#oumJhh)(
u(omk{dms[mgCdfmov | gc#hmod+g%cSsg  u(k{dgCAc^  klcmc#s#inlgcAd(Aohi}%g%d+d+gc(´ghk{dhd+*{   °





lmjfAy#}C}ha§ Ç © «¬­{®¬¯l®(°(°°(® ¬ Ç ²®A ©  ®°(°(°(®  °
m  omÙoy#cwcg%c#»dfmqk{}%log%df# dfm;u(g%ou}%mh´ko+m
h+Ao+dms´v | smJu(omklhgcoklsgy#hgc³~%lrdg%mpgCdf>d+g%mh9vnm(gc v#o+l{mJc>klovg%doklogC} |     ¬­ 1
>
  ¬¯      ¬±  °
Ym(d/vnmdfmumJcAd+mo  ¬­® kiwg%cAd_pf#g%ufpg%}C}
vwm<gc»k{}%}r  dfm9uAcAlm¨f.y}C}hj¤fm<k{}%lAo+g%df#
klhhywmJhdf#kldrdfmU~_klou(hrgc^dfmucAm[fAy#}C}
  § Ç ko+mlAc#pc;klcwsh+domsÙgcqdfm}CmJk	lmJh  k
v#k{}klcwums¨vgc#ko | do+mm "df#m´klou(hklomosmomsqgcu}%u1lpghmsgo+mJudgCAc;kloywc#sdfmf.y}%}ÖgN ml%Sdf#m |klomhod+ms[ko+Ay#c#s.G¤fm}%gcmOhm(AmJcAdhAcdfm
uAcm¨fAy#}C}klom^cdam#i}%gug%d | hd+Ao+mJsºv#ydk |vwm<mkh+g%} | uk{}u(y}k{dmsºklhadfm | klom´df#m³uAAcdkclmJcdh  ucwh+mJu(ydgCmkouh(
@jm^cp sghu(y#hhUfp d+;sg  | ¬ § Ç OdvwmJuAm ¬ § Ç ¿­  ° @qm_khhy#mGdfwk{dpmk{}o+mJkls |l.cpÄg  ¬ Ç ¿­~ ¬ § Ç klcwsS¿g  cld¿df#mc¨pm
l.cp hm»inlgcAd Å8T ¬ § Ç  h¬ § Ç ¿­  °
Ykld+moJprm_hf#kl}C}Ah+mm_fp¨d+hk{dg%h  | dfmJh+m_khhy#i.¢d+g%c#hgcÙ~%lrd+gm
¤f#m  kudhtdf#k{d df#mHu(l}%}CmJud+g%cÐ  kouhzAc
¬ § Ç 9d+ vwm smJh+do+ | ms  o k¦u(cAd+gc.yywhuf#k{gc;kc#sÙdf#k{d ¬Ç Y­ Ac} | ucAdo+gv#ydmhOcmkloud+dfmcm(p¦fAy#}C} iwmJog%dywh_dmJklhgC} | ywins#kld+m£dfmuAcm^f.y}%}N
b  ¬ Ç ¿­ ~ ¬ L§ Ç HdfmJc ¬ L§ Ç Y­  ©
¬ § Ç klcws^dfmomg%hcdfgcd+[sn @qmdfmom¢
 omklhhywmdf#k{d_df#klddfghghc  drh+Ukc#sdf#kldpm
l.cp¦hm Å T9¬ § Ç  h¬ L§ Ç Y­  °
Ym(d  TÙ¬ § Ç rvnmUdfm}%gcmahm(mJcdAoklou
c ¬ § Ç dfwk{d´uAcAdk{gc#h Å &  zTÍ¬ § Ç ¿­  °
@jkl} lu(}Cu1lApg%hm  o ¦k{}%c ¬ § Ç s#mhdo | ¢g%c#k{}%}kouhSdok	lmJohms£y#cAd+g%}kou  ­® pfg%ufhf#ko+mJh
k hy#i#inod+gcHdklc#lmcAdqpgCdf ¬Ç Y­ ® ghqmJc#uAy#c.¢
d+mJo+mJsSÙ¤fmc¨v#klu1l;d+ ¥klc#s¨pk{}Ml;u(y#cAd+mJo¢
u}%u1lpghmqk{Ak{gc>smJh+do+ | gczk{}%}klou(h<y#cAd+g%}Uklou
 ¯® pfguf k{}h+>hf#klomh9k hy#i#inod+gc dkclmJcAd
pgCdf ¬rÇ ¿­ ® ghmc#u(y#cAd+mJo+mJsS
¤f#momklomadLp³uklhmhOb   ­ ©  ¯ © 5dfmJc
sm(}%m(dm   o¦dfm_dom(mklcwso+mJi}%kumGg%d¿v | dfmdLphywvaklou(h¿cUvnldfUmJc#s#hY  Îdf#kldYko+mcldYdf#opc
g%cAdhf#ksp¦v | ¬ Ç ¿­° b   ­ z© ¯ dfmJc9sg  |
 ­ klcws  ¯ v | do+gg%c<»dfm(gokli#iwo+Ai#o+gk{dmmc#swh(bcqvnldfquklhmhu(k{}u(y#}%kld+mdfm[y#cgx.ym[klou
c ¬ Ç ¿­ µNdfm[AcmvwAy#c#smJsjv | dfm[hywi#iwAo+dg%c#dkclmJcdhugc   ­ kc#s  ¯ ¸gc<dfmUc#m(p
uAcmOf.y}%}kc#s£g%cwh+mJo+dg%dgcAd+df#mdom(m¿¤fm_u(hd
  df#msg  u(kld+g%cÙpg%}C}vnm~NC_ Ê  Ç %l
pfmom  Ç ghdfmc.y#avnmo  mJslmJhWs#m(}%m(d+mJss#y#og%c
dfmhd+mi








vwmJu(klywh+m	 Ç  Ç  *{   °
¤fm i#oumswy#o+m5smhu(og%vnms klvnlm klhhy#mJs
lAc#p}CmJslm   hmÐinlgcAd Å T ¬ § Ç  h
¬ § Ç ¿­  & @jm[cp5smJhuo+gvnmkcj~NC_i#o{¢
umswy#o+m  osmu(g%s#g%cqpfm(dfmo ¬ Ç Y­a~ ¬ § Ç 
klc#sS_g  cld_o+mdy#ocgc¨k;inlgcd Å|Te¬ § Ç  h
¬ § Ç ¿­ G¤f#m~NC_Goy#cwcg%c#dg%m  dfm
 y}C}Yk{}%log%df# pg%}C}  l}%}Cp
@jm  ohds#g%hiwmJc#hm£pg%df³df#m£uklhmOdf#k{d ¬ Ç Y­ gh
d+ldk{}%} | y#dhg%sm  df#mOf.y}%}N ¿md Å ( vnmOklc | iwg%cAdc ¬ Ç ¿­° ×rAc#hg%smJo_dfm£g%c  cgCdmok | s#ok	pc  o+Aºµdfm<u(mcAd+mJo  ¬­ ¸df#o+Ayf Å ( klc#sÎvwm | Ac#sS | hmkloufgc[df#mvgc#klo | dom(mav | klc#l}%mUprmu(klc c#s9df#my#cgx.yminlgcAd ÅaTq¬ L§ Ç c9dfmok | b  Å gh}%.uk{dmsavnm(dLpm(mJcQkc#s Å ( cadfmok | dfmcÅgzT¨¬ § Ç ¿­  & prmo+mJiwAo+dgCd£klc#sÙhd+AiÙdfmi#o{¢
umswy#o+mOdf#mopg%hmpmk | khhy#mdf#kld ¬Ç ¿­g%hcdydh+gsm ¬ L§ Ç  °
¤fmJo+m  om ¬Ç Y­ mgCdfmoOgcdmoh+mJudhdfmf.y}%}o
g%hd+ldk{}%} | u(cAdklg%cmJsÙv | g%d( £y#oi#oumJs#y#omUpgC}%}klg%cAdk{gcUklcUkou_uf#k{gc  lm(Am(dogu(k{}%} | smJu(omkh¢g%chg <mhy#uf^df#kldg  ¬ Ç ¿­ gcdmoh+mJudhrdfmUf.y}%}SgCd
ay#hd_gcAd+mohmudrdfmuf#klg%cSb  pm£omswy#umOdfm£h+g=<(m
  dfmuf#k{gcÙspc<d+´Acmakoukc#sÙh+dgC}%}  c#sÙc
g%cAd+mJohmu(d+g%cdfmc[pmpg%}%}Wl.cp df#k{d ¬rÇ ¿­ g%hrd+l¢
dk{}%} | uAcdk{gcms<v | df#mUfAy#}C}ÖYm(da×f#k{gcS# ®  ( vwm[dfm´u}%u1lpghmufwk{gc; 
klou(hrc³dfmUf.y}%}uAc#cmu(d+gc[klou(h  klc#s  ( cld
g%c#u(}%ywsg%c#kouh+Ho+ ( dfmJhm(}%lmJh(
noqpgpgr
 & 3 7$ ®  ( (  4  + 1 .SR  100 . - 732 32 U 	
	 0 U/0 2 7F2( 7 -W. 4 . +
-/7Q. - 7F2 324 + 0,0 . -'78 +
- 3 b+











 < \<-< = < %=#
¶gCAy#o+m   ¬Ç  Ç gcAd+mohmudg%c#×f#klg%cS# ®  ( y#hd
g%cAdmoh+mJuddfm+d+Ai£  ¬  ¬£®¬)( 
0 . 463  10 +
-a×f#klg%c # ®  ( (  ° 7 2 3 -  7A	 3  0 7. - 3 .SR7F2 3 R. 	
	O.e, +
- 0 78 7 35463 -'7 04 U 0 7 * 3 7 1 U/3  -WbP, 3
0  - b + 050 . X 351 . - 3 , 2+ 0 2 + 0 7 1 U/3 +
-<~{7+ 46365
 5 . 4 3 4 . +
-/7 Å T  ( + 0 +
- 0 +Fb 3 ¬Ç ¿­ °
 5 R ¬ Ç Y­ +
-/7 321 053 0 7 0 ¬ § Ç  7F2 3 - ¬ Ç ¿­ +
-/.7 321 053 0 7 0 ×f#k{gcS  ®  (  °
 5 R ¬ Ç Y­ +
-/7 321 053 0 7 0 ¬ § Ç  7F2 3 - ¬ Ç ¿­ +
-/.7 321 053 0 7 0 ×f#k{gcS  (Ö®  ( (  °
t)u " "Yvxw ¿md ¬£®¬)(¬)( ( vwmdfm<µNc#ldcmu(mhhko+g%} |y#cgx.ym	¸ao+mJhinmu(d+g%lm^u(g%ou}%mhad+qpfg%uf  ®  (  ( (
vwm}CAcw
@jmuklcuf#mu1l³g%c;~{d+gmag  dfmJo+mag%h£h+Am
iwg%cAdgc Å T  ( hywuf³df#k{d Å T ¬ Ç ¿­{° ¤fmJo+m  om
prmk | khhy#mdf#klddfmJo+mghc[hywuf³inlgcAd(& kg%cmjdf#mqdy#vwm ¬  ¬£®¬)(  ° ¤fm 7 . 4  dfghOdy#vnmaghdfmi#ko+dOucwcmu(d+gcµNkc#su(cAdklg%c.¢
g%c#.¸¥kc#s  ( gczdfmÙu}%.u1lApgh+m<sgo+mJud+g%c»b 
¬z© ¬)( dfmJc´dfmdi´f#kh_dfm  o kouÖ}%gcmhm({¢
mcAdLkloupfg%}Cmng  ¬ © ¬)(® df#mcÙdiÙghOhgi#} |dfmu}%u1lpghmaklou  ¬)(  o¥dfmvnm(lgc#cgc³ 
 d+¨df#mÙmc#sÎ   (Ö°  gg%}klo} | rdfm * . 77@. 4  dfmOfAy#}C}#ghGdfmi#kloduAc#cmJud+gc$ ( klc#s! gcdfm
u}%u1lpghms#g%omu(d+g%cqµNhm(m¶gCAy#o+m.¸ 
mJu(kl}C}df#k{d ¬ Ç Y­ s.mhGcdGg%cAdmoh+mJud  o  ( (Ö°
¤fmom  Ao+mg  ¬Ç ¿­ gcdmoh+mJudh_×f#k{gcS  ®  (  ¬Ç ¿­
ay#hdm(g%dfmJo[vwmkvwm^ogcAd+mJohmu(ddfmÙd+Aiz 
¬  ¬£® ¬)( µÖh+mm¶Wg%ywo+mA¸
 ywi#iwAh+mrdfmJcadf#k{d ¬ Ç Y­ ghWm(g%dfmJoWkvwmoYgc.¢
d+mohmudhGdf#mdi  ¬  ¬£®¬)(  ® hm(dfg%c#prm
u(klcqufmu1lg%c¨~ ld+gmlmu(ky#hm ¬ Ç ¿­ ghcld
}%ko+modfwklc ¬£®¬)(Ö® ¬)( ( pm  c#s df#k{d ¬rÇ ¿­ u(klc
cldkl}%hg%cAd+mJohmu(ddfmvnld+d  ¬  ¬£® ¬)(  °
}%ctpgCdf dfm  klu(d<df#k{d ¬Ç Y­ s.mhÙcd³mJc.¢
u}%hm^klc | iwg%cAdg%c  ( ( dfghg%i}%g%mhdf#kld ¬ Ç ¿­s.mhcdgcdmoh+mJudO×f#klg%c  (Ö®  ( (  ° ¤f#mom  omg 
¬ Ç ¿­ g%cAd+mJohmu(dh×f#k{gcS  ®  ( ( WgCday#hd_gcAd+mohmud
×f#k{gc   ®  (  °
¤fmJo  Ao+mgc»~ ld+gm´prm³u(klc¨smd+mJogcm´g 
µ+·	¸Yghdoy#mlb  gCdghc  d_dfmJcprmuklcsmd+mog%c#mg%c
~ {dg%mg  ¬ Ç ¿­ ghm(g%df#mokvwmOAog%cAd+mJohmu(dh
dfm9d+Aizhy#i#inod+gcj}Cgcm9  ¬  ¬£® ¬ (  ° b  | mhdfmJc µÖÂA¸ghadoy#mlGldfmopgh+mµÖ½A¸Uay#hdvnm^doy#ml

£h+gc dfg%h }%mk pm u(kc sghu(lmJo g%c
~%l_£d+gm^pfmdfmJo ¬ Ç ¿­ g%hg%cwh+gsm^dfm^}%s
ucAmÎf.y}%}N b  g%d´gh^cd´dfmJc pmsg%humo[k
iwg%cAd Å T9¬ § Ç  h¬ L§ Ç Y­  °
mJu(kl}C}#df#k{d_dfmkouhGklom l{mJidgcdfm}%mk	mh 
k^vgc#klo | dom(mh+Ao+dms9gc;u}%u1lApg%hmaAosmJo( & klufg%cAd+mJocwk{}[csm! e  dfm dom(m dfmom  Ao+m uAoom¢
hinc#swh^dthm»×f#k{gc   ®  ( (   dfmºuAcm
fAy#}C}Ö | }C.HlAgcÙk{dk9csm  hdLp<uf#gC}s#omcqprmu(klc^k{}h+nAgc9~ {Gdg%ml  c#s^kou  ( f#kl}  pk | vwm(¢dLprmmc eklc#s  ( ( Ac³dfmUuf#klg%cS
Ym(d" <vwmdfmo+.ld  dfmdom(mlcYm(d Ävwmdfm
 ohdkloug%cqdfm^dom(m[klc#s1 ( ( dfm[}klhdcm9µ @jm
pgC}%}k	llgs»sghu(y#hh+gcqdfmÙi#y#om(} | d+mJuf#cgu(k{}sm(¢dk{g%}h  k{gcAdk{gcgck 0 + 10U 	  1 AosmJo ¸Ù×f#mu1lg%c´~{Ydg%mOg  kc | iwg%cAdAc  ( ( ®  ® Aodf#mdkc.¢lmcAd}%gcmru(c#cmJudg%cdfmJ¦gh¿u(cAdklg%c#msgc ¬Ç ¿­ °
b  | mh³o+mdy#oc hy#uf>k»inlgcAd³klcws>h+diSÄb  clddfmJc + R ¬Ç ¿­ +
-'7 351 0530 7 0 ¬ L§ Ç +
7 4 U 0 7!+
-/7 321 .
023 0 7S×fwk{gcS  ®  ( ( YhUpmu(klcki#i} | dfm}%mk#
¤fm[mcmJokl}_hd+mi¨  dfm³kl}CogCdf# khhy#mh
df#kldgCd¿g%hS}%u(kld+mskld¿hmGg%cAdmoc#k{}lc#.s#m# pfAh+m
okclm[gh×fwk{gcS  ®  ( ( £hy#ufºdf#k{d³µgM¸cjiwg%cAd
g%c  ® o. ( ( gh^u(cAdklg%c#mstg%c ¬ Ç ¿­ kc#s µg%gM¸g 

¬ Ç ¿­ gcAd+mJohmu(dh ¬ L§ Ç dfmc³gCdy#hdgcAd+mJohmu(d
×f#k{gcS# ®  ( (  ° bc ~ ldg%m  c#s  ( f#k{}  pk |vwmdLprmmc Õkc#s  ( ( Acqdfm^uf#klg%cp kli#i#} |dfm}%mk#b  µ·l¹¸ag%hdoym£df#mc³prmk | o+mdy#ocklc | inlgcAdc  ( g%c#hgsm ¬ Ç ¿­ klc#s<h+di9vnmu(ky#hmhywuf³kinlgcdghgc ¬ § Ç  h¬ L§ Ç Y­ 
Odfmopgh+mYg  µÖÂ# ¸ ghUdoym^iwo+umms¨spc¨d
dfm£}%m  dufg%}%s[   ° b  cld.dfmJcµN½w ¸Ughrdoy#m£kc#s




k  dmo~%lrh+dmi#h  y#uf<kc#.s#mu(oo+mJhincws#h
d+Odf#om(m_kouh¿kc#sdLpr}Cgcmrhm(AmcAdh¿cdf#mrf.y}%}N
×fmu1lv | v#oydm  oumgc´~ lYd+gmg  kc | inlgcdc dfm gh^gc#hg%s#m ¬Ç Y­ 5b  | mJh(ominod^hy#ufk^inlgcAd(b  cn dfmJcpmf#k	m  ywc#sdf#k{d ¬ Ç ¿­
s.mhc#ldgcAd+mohmud dfml}sf.y}C}Ah+pmk | ominoddf#kldgCdghd+dkl}C} | u(cAdklg%cmJs´gc#hg%smdfmUf.y}%}N
   / ¨XV  R Xa X

	 V 	 XQ 	 
¿md § © «Å ­ Æ¿ ®(°°(°J®NÅn± Æ ² vnm¦kÍhm(dz  
i#kloklvnl}klh ÅnÇ NÆ©>È Ç Æ ¯¿ÊqË Ç Æ ÊÌ Ç+° ¤f#m(go}%prmJo
mcAlm}CAiwmghdfm  y#c#u(d+g%cÙÏNÆ_© ÑÒÓ ÇÔ ±Å Ç Æ¿ °¤fm}%prmJoYmJcAlm(}%inmu(klckl}%h£vnmdf#yAfd  khGk
g%cgk{}h+mJx.ymc#u(mU  iwk{gohaÆ ) ®  )  ®  ©  °°(°pfmomÆ ­ Æ ¯  Æ ® Æ©  ® ÆH© hy#uf
df#kldÏÆ¿© Å Ç NÆ  AoÆ ) ­  Æ  Æ ) ° 	 0U 	  7 +




  inlgcAdh.gcUpg%df³ucwh+dklcAdµNvwyds#g  momcAd ¸
lm}Cug%d+g%mh¼C·¾
¤f#m l.cpc kl}CogCdf#  Ao u(c#hdoy#u(d+gc











h+doy#u(d+g%c³  dfmmJcm(}%inmg%h!N ¯  °
d+ldk{}wc.y#vwmJo  ufwklcmhGdf#k{dr.uu(y#o_s#y#og%cadfm
g%c#uo+mJmcAdkl}.u(c#hdoy#u(d+g%cU  df#m}CpmoYmcAlm}CAiwm
g%h!N ¯ µNhm(m¶g%y#om$"l¸ 
bc³pf#k{d  }C}%phpmhfp¦df#kldg  dfmi#kloklvn{¢
}%khYko+mkli#i#oiwo+gk{dm(} | hod+mJsaklcwsdfmJcks#smJsUgc.¢u(ommcAdkl}C} | 	dfmcamklufacm(pziwkloklvnl}ku(kcUu(ky#h+mk{d;hd;½ uf#kclmJh(gcedfmzklAo+dg <msehmc#hml
¤fg%hpg%}C} | g%m(}s³kc³~N£%lrGg%c#uo+mJmcAdkl} kl}C{¢o+g%df#  Aoru(c#hdy#u(d+gcadfm}%pmomJcAlm(}%inml¤fm
k{}%log%df#  l}%}CphOdfmi#klokls#gCA¥smlm}CAiwmJs  o
ucwh+doy#u(d+gc¨dfmu(cAlm(Îf.y}%}  ugou(}CmJh´smlm(}C¢
inms³g%c<df#mUi#o+m.gCAy#hh+mJud+g%c
@jm¥hk | df#k{d ÅwÇ  Å ) g  NÈ Ç® Ë Ç+® Ì Ç  NÈ ) ® Ë ) ® Ì ) Gg%c³dfm}%mgulAoki#fguhmc#hml.gÖ mÈ Ç È ) ® oOÈ Ç ©ÍÈ ) klc#s Ë Ç  Ë ) oOÈ Ç ©eÈ ) ® Ë Ç © Ë )klc#s Ì Ç  Ì ) ° hhy#mdfmcqdf#kldOdfm[i#kloklvnl}klhf#k	lmavnm(mJc;hod+mJsÙh+³df#kld Å ­% Å ¯&   Å ± °
¿m(d[Ï Ç NÆ^© ÑÒÓ*) Ô Ç Å ) ÆavnmÙdf#mÙ}CpmomcAm¢}CAiwm  df#m  ohd  i#kokvw}%kh(
@jm  ohdi#olmklc<klc#kl}Cym£d+^×rAo+}C}klo | ½#
noqpgpgr('*)  1  * . 	  ÅwÇ ¿­ 0  -. - 	 9 +
-'7 351 0530 7Ï Ç Æ¿  7  7 4 . 0 7 7-,/. 4 . +
-/7 057 2 U 0 Å Ç ¿­ 0  -
0 . -/7 1 + * U 7 3  7 4 . 0 7'. - 3  10 7 .5Ï Ç ¿­ Æ¿ ©





hywufdf#kld Å ) NÆ  Å Ç ¿­ Æ  ok{}%}   ® klc#s´kl}C}Æ    ® gCmC#Ï Ç Æ  ÅnÇ ¿­ Æ¿  okl}C}Æ    °
b    Aok{}%}{Æ ® Ï Ç NÆ  ÅwÇ ¿­ NÆ ® dfmcdfm}%mk
g%h£doym!Odfmopg%hm}CmdOÆ ­ © ÑÒ%Ó « ÆfÏ Ç Æ©ÅwÇ ¿­ Æ ² vwmzdfmº}%m  dAh+d;g%cAd+mJohmu(d+g%c¦  dfm
l}s^}%pmomcAlm}CAiwm£pg%df<dfmcmp¦i#kokvw}%kwWd
Æ<© Æ ­ dfmai#kokvw}%k Å Ç ¿­ hpgCdufmh  o¥vwmg%c#
klvnlmÏ Ç dvnm(gcvnm(}%p gCd ¿m(drÆ ¯ © ÑÒ%Ó « ÆÆ ­ fÏ Ç NÆ© Å Ç ¿­ Æ ² vwmdfmcm(.dgcAd+mohmudgCAc
  dfmadLp^u(ywo+mhUµb  dfmomUghOc#³hy#ufÙh+mJuAc#s
g%cAdmoh+mJud+g%cdfmJcÙdfm}%mk^ghAvAAg%ywh+} | doy#m
(dfghk | c} | u(u(ywoYg  È ­ ©>È ¯ © A© È Ç ¿­ ° ¸Ym(d Å ) vwm[dfm[i#kloklvnl}k<hy#ufqdfwk{dÏ Ç Æ ¯ ©Å ) NÆ ¯  ° ¤f#mcÍkldÆ © Æ ¯ dfmÎi#kokvw}%k Å Ç ¿­h+pg%duf#mh  o vwmg%cqvwm}Cp Å ) d+vnm(gc;kvwmgCdG¤fg%hg%i}%gCmJhdf#k{d ÅY() Æ ¯   Å (Ç ¿­ NÆ ¯ _µpf#momÅ ( Æ¿¿g%hdfmsmog%	kld+g%lm  Å k{dÆ ° ¸  gc#um ÅY( () Æ¿©È )  È Ç Y­ © ÅY( (Ç Y­ Æ¿Odfg%hag%i}%g%mhUdf#k{d  oUkl}C}Æ Æ ¯  ÅY() Æ  ÅY(Ç ¿­ Æ¿£hÏ Ç Æ¿  Å ) Æ¿ Å Ç ¿­ Æq¤fghmJklc#hadf#kldaÆ ­ klcwsºÆ ¯ klom´dfm
c} | gcAd+mohmudgCAcUinlgcdh  ÅwÇ ¿­ pgCdfÏ Ç h ÅnÇ ¿­u(kc;Ac} | uAcdo+gv#ydm[k{dUhdcm´koud+ÙÏ Ç Y­°

¤f#g%h}%mk9h+dk{dmhdf#k{dmJklufjcm(p i#kloklvnl}k
k | kls#stk{d´Ah+dc#m9kou³d+ºdfmÙ}%prmJomJcAlm¢}CAiwmº¤fmom³ko+m³dLprju(klhmh¨¤fm  ohdghadf#k{d
dfgh^c#m(p klou9g%cAdmoh+mJudh´dLpr»sg  momcAd´klou(h[Ac
dfm^l}sq}%pmomcAm(}%inml^bcjdfg%hu(kh+m[g%dagCAfAd
k{}h+umoµNvnmUvwm}CpO¸_h+AmO}%s<klou(hAom.gc
dfmJ  o df#m}%pmomJcAlm(}%inml¤fmdLp<mc#s#h
  df#m³cmpÕkloupgC}%}uyda Îdfm³i#om(.g%y#h} | m.¢g%hd+gcÙmJc#s#hU  dfm^kouhdf#kldUdfm | gcAd+mohmudAcdfm9}%prmJoamJcAlm(}%inmlÎ¤fmÙh+mJucwszu(kh+m<ghdf#k{d
dfmcmp>kloug%hrd+dkl}C} | vwm}Cp c#mOi#om(.g%y#h} | m.¢g%hd+gcklou".gc^dfg%huklhmdfml}s^klouOg%hsmJh+do+ | msklc#s³o+mJi}klumJs´v | dLprklou(h.cm  o+A mkluf´  g%dhmc#swh(
×rAy#cAd+gcdf#muf#klcmhgi}Cg%mh_df#kldGmkufc#m(p
i#kloklvnl}kUuklc[Ac} | gc#u(omkh+mdfm£cAywavnmo  kouhc³dfm}%prmJo_mJcAlm(}%inmv | Âi#oAgsgcklcdfmJoi#oA  df#k{d^dfm;k{.gayw c.y#vwmJo[  klou(h[Ac
dfm}%prmJomJcAlm(}%inmg%h    ³µNdfm´hdkc#s#klos
i#o+.  gh´k¨À£k	mc#inod  ufgcAd <m(}c#m	¸ ¦bLd´k{}h+
i#o+mhdfwk{ddf#mUd+dk{}YcAywavnmo  kouhdf#kldpgC}%}
m(lmJoUkliwiwmJkloaswy#o+gcdfm^gc#uo+mJmJcAdk{}uAc#h+doywu¢
d+g%cHµNu(y#cAd+gc»sg  ms kouh[klh´cmp klou(h¸Ugh





dh+dk{lm  prmUkhhy#mdfwk{ddfmUv#omkdl.inlgcAdhÆ )  df#mOu(ywoomcAdmJcm(}%inmÏ Ç ko+mOh+domsgc[dfm£gc.¢
d+moc#kl}csmJha  k;vwk{}klc#u(ms»vgc#ko | dom(m<k{}%cpgCdf³dfmgc#sgumh  ) °
¤Y³i#oummspmc#m(ms;dfm  }C}%pg%c#³klcwk{}%ly#m
d+¿mJkC>w
noqpgpgr YU 4H4 . 053 732* 7 Å )  Å Ç +
- 7F2 3 	 3 + 0 . .
 1  4 2 + 0 . 1 b 321 +
-  -#b Å ) Æ  ÅwÇ Æ_R. 10 . 463Æ °  R Å Ç +
-'7 351 0530 7 0 Å ) 7-, + 0 3
	 , 2+ 0 2 + 0 732 3C4 . 0 7+
7 0  -'bd. 7F2 3 - 732 3 +
-'7 351 0530 7 +F. - 0Q4 . +
-/7 0?4U 0 7
3 +
732 351 * . 7F2 * 3 7 .7F2 3 	 3 R 7 .SRÆ. 1 * . 732 7@. 732 3
1 + e2 7c.SRÆ °
t)u6""YvxwÀOgo+mJud} |  oÐdfmm(mdo |  
@jm_cp¨pk{}MlOspcdfmrv#g%c#ko | dom(mrh+mJkloufg%c# ok[inlgcdÆhy#uf<df#k{d ÅnÇ Y­ Æ¿  Ï Ç NÆ ° b  prm
u(klc;cld  c#s;hy#ufk<inlgcdOdfgh£pgC}%}Gi#olmUdf#k{d
c[hy#uf<inlgcdm(g%hdhkc#s³Ï Ç © Ï Ç ¿­ °
 dklodk{dOdfmoAd(¶nomkluf9gcAd+mJoc#kl}Wc#.s#m 
AghgCdms[dkdl{mOdfmv#omkHlAinlgcAdÆ ) klhh+ugk{dms[pg%dfgCdakc#s¨d+mJh+dag  ÅwÇ ¿­ Æ )   Ï Ç Æ ) © ÅwÇ  Æ )  ° b gCd9ghÙprmºominod³Æ ) kc#s h+diS Odfmopg%hmjprmufmu1l pfgufH  dfm  }C}%pgc df#om(mºinhh+gvg%}CgC¢
d+g%mhr.uu(y#orklc#s´dkdl mdf#mOkliwi#o+Ai#og%kld+mklu(d+g%c  µgM¸
Å Ç c#m(lmJogcAd+mohmudh Å Ç °  diÙdfmiwo+umJs#y#omaom¢
iwAo+dg%cÙdf#k{dÏ Ç ©ÕÏ Ç Y­° µg%g ¸U¤fm´gcdmoh+mJudgCAc
iwg%cAd(µÖh ¸OÆºpf#mom Å Ç NÆO© Å Ç NÆgh 9{klomdÙdfm
}Cm  d¿  Æ ) ° ¤f#mcld+dfm_}%m  dWufg%}%s   £kc#sUuAc.¢d+gcAy#ml9µg%gCgM¸¤fmgcAd+mohmudgCAcqinlgcAd(µÖh ¸OÆºpfmJo+m
ÅwÇ NÆ© ÅwÇ  Æ¿g%h:9ko+md³dfmog%fAd  Æ ) ° ¤fmcld+[df#mUo+g%fAdufgC}s<   ´klc#s9u(cAd+gc.yml
b  pm´m(moomkluf¨kÙ}%mk    dfm^dom(m´pm´f#k	lm
o+mJklufmJsUkv#o+mJkdl.inlgcdWÆ ) hywufadf#k{dg  ÅwÇ ¿­ gcAd+mo+¢h+mJudhÏ Ç g%dUay#hdsÙh+<cqdfm´kouvnm(dLpm(mcjÆ )

klc#s9Æ ) ¿­{° b  df#m | s[gcdmoh+mJudominodklc9gcAd+mJo¢h+mJudgCAciwg%cAd(dfmJo+pghm_o+mJiwAo+d¿df#kldYÏ Ç © Ï Ç Y­ °
¤f#g%hi#o+u(ms#y#omdkHl{mh~%l_Od+gm³klc#s¨mg ¢
dfmJod+m}C}hy#hdf#kldÏ Ç © Ï Ç ¿­ Aoo+mJiwAo+dhkinlgcd
Æzhy#ufjdf#kld ÅwÇ ¿­ NÆ  Ï Ç NÆ ° ¤fghUinlgcdaÆ»g%h
cadfmy#cgx.ymklou  Å Ç ¿­ pfg%ufag%hks#smsad+£dfm
cm(p¦}Cpmo_mcAlm}CAiwm Ã gCmc´Æ9pm£uklc³dfmJo+m  om
pkl} l³d+³dfm}%m  dklc#sog%fAdgcÙdfmdom(msm(}%m(dg%c#
k{}%}klou(hdf#k{dUf#k	mdvwm´s#m(}%m(d+mJstµdf#m |  Ao kuf#k{gcn¸Sg%cad+gmi#oinod+g%c#kl}{d+  Ç C´pfmJo+m  Ç
g%h_dfm£c.y#avnmo_  sm}Cmd+g%c#h_df#kld_cm(mJs[d+vwm£iwmJo¢




 g%c#u(m  Ç  Ç  *l  dfmdldkl}oy#c#c#g%cad+gm
  dfghk{}%lAo+g%dfw g%h
~ %l Ê  Ç %l_<©¦~C °
 ÄXaR³]c(\Y`XR
bcHdfghcd+mºpm»sm(m(}%inms¦g%c#uo+mJmcAdkl}Uk{}%l{¢
o+g%dfwh  Ao¨ucwh+doy#u(d+gcHdfm>u(cAlm(ef.y}%}h¨ 
ugou(}CmJh>klcws }Cpmo mJcm(}%inmh   kg%h+Li#klok{}%}Cm}
i#kloklvnl}klhOgcj~N£%lrd+gm@jm´sgs;dfg%hv |hf#pg%cdf#kld(	g  dfmru(g%ou}%mh:9iwkloklvnl}klhSklomGgc#u(om¢
mcAdkl}C} | ks#smJsÙg%c;k´hinmu(g%kl}YAos#mowdf#malmm¢do |   dfmi#ov}%mÄmc#hy#omhdf#k{ddfmompc  dvwmklc | uf#kclmJhkldmklufthd+mitklcwszmJkluftuf#klcmu(kc³vnmmkh+g%} |  y#c#sOcÍgcAd+momhd+gcHxAy#mhd+g%ce}%m  djinmcÍv | df#g%hcldm[g%h +y#h+dfp inpmo  y}_hod+gc9g%h  Aodf#mhm
i#ov}%mh  Ao+dg%c}CmdhWy#hYomswy#umrdfmh+doywudywokl}
uAi#}Cm(.g%d |   dfm¦u(c#hdoy#udgCAc  o+A  ¯ spcd+N ° bLd_s#AmJhcdG}Cmdy#hgi#o+mywiwAc
dfmi#o+m.gCAy#h+} | NC_d+gmvny#cws#h  Aodfmi#ov}%mhW¤fmx.ymhd+g%c´dfmJo+m  omg%h +g  dfmugo¢
u}%mh:9i#kokvw}%khUklom^u(}Cmlmo} | i#omhod+mJsºu(kcºdfmuAcmqf.y}%} 9	}%prmJomJcm(}%inm´vwm´u(c#hdoy#u(d+msqgc
 %ldg%m 
¥k oUinmcºi#ov}%m ghadfm^smlm(}%iwmJcAd
  klcAc}%g%cm[kl}CogCdf#  oh+}C.gc<dfmJh+mi#ov.¢
}CmJh(rml wgCmc»kczklovg%doklo | hmx.ymJc#um<  ugo¢
u}%mh¨uAc#h+doywudjdfm>hmx.ymJc#umt  ucAmÍf.y}C}h
¬ § Ç  ®  c#s#g%cmkuf´uAcmfAy#}C} gc[d+gm	 i#o{¢
iwAo+dgCAc#k{}  d+dfmc.y#avnmo_  h+doywudywokl}wuf#klc#lmh
cm(mJsmsjd+Ùdokc#h  o ¬ § Ç  ­ gcAd+ ¬ L§ Ç  ®ml ww~  Ç %l   °
@jmOhfy#}%s[kl}%hamcAd+g%cdf#k{drdfmOd+mJuf#cgxAy#mh
df#kld£pmsmhu(og%vnm | gCm}%s¨~%l_gc#u(ommJcdk{}d+gmk{}%lAo+g%dfwh  o  c#sgcdfm£}Cpmo_mcAlm}CAiwm
  ugou(}CmJhUklcwsqdfm³u(cAlm(qf.y}%}r  k{g%h+iwklok{}%}Cm}
i#kloklvnl}klh³µpfmJo+m9mJklufti#kloklvnl}k Å Ç g%h^ucwh+gs.¢
momseklhqo+mJi#omhmcAd+gc>dfmÎhm(d « Æ ®
  f 
 
Å Ç NÆ ²° ¸ @jm s¦cdq gcAd+¦s#m(dklgC}h¨vwmJu(ky#h+m
dfmJh+maiwo+Av}CmJhs´cdh+mm¥d+^vnmU  y#uf9gc.¢
d+momhd(
 "! ¤f#mÎkly#dfAohqprAy}s }CgMl{m
d+ df#klc l  gy.8@ g%c×fmc klc#s$#kluxAy#m(}%g%cm
À£y#x.ymJhc#m  AoeuAmJcdheklc#s uAcAlmohk{d+g%cwh
df#kldu(cAdogv#yd+mJs<d+dfghpoxl
% eV R^]
&('*),+-/.021331546798 ¦*«J;:Ã[e¤«<°Ô8¦*«Jº#µ#Å¤z¦'e¤z¥< ¦*«J ¨ ÃCº ¨ ¦*¼#¥«7È =?>;@BADCEGFBH I"JKFLNMOPEQRSLNMT CC U RSVFBLWRX@BHOZY\[G[G] '_^` È 'baBcd È ''_e' ¿ ''Pc' Á
& ^_)	f-hg*i;-/jklmmk5nn1B0\6o.-/pqBr2qBskt6vu-i2wBxlB33wBrm6Kft-	iy2zBywmbnwt61_n{|+;-	}xl_nw~	7 Ó9Z¤¥*¦ ¨ ©ªX« ¬­¦ ¨ °³¦*e\ ¨ µX°³§#ªX°¦*O±²´Oµ[¥¥o¦¬Ì¤Æ³C¦'¬ÌÆº#X ¨ Z¯[©§«Je\¦*o=?9@bV_ELNM>;FBH FIE>;@BHPbE>;@BADCGLE @5AE 'baBa^ È ^BBa ¿ ^e Ï[Á
& Ï ),i-	15215kBr0G?7 Ó °¦*O±²Oµ#¥©¥Ë¤z¥'¦ ¨ ©ªX«L¬­¦ ¨¯O°È'¤'e¯
¤ºXº[¥°¤z¦*eÈ =?>;@BADCLE  @BAEM *@5h T CC U Y[v]ÜÏ ` È 'Paa^ È 'be2'h'bc2' Á

